The Grand Challenges in Organismal Biology (GCOB) were proposed in order to focus dialogue among organismal biologists on emerging priorities for research that require our uniquely integrative approach. The premise of the GCOB is that organisms are the key to understanding both biological phenomena and implications beyond their biological boundaries. In 2009, with encouragement from the National Science Foundation, the Society for Integrative and Comparative Biology (SICB) took steps to identify compelling questions and to initiate discussions on whether these GCOB have resonance among SICB members and the greater community of researchers of organismal biology. Several initial papers were written to establish a framework for the GCOB (Heatwole 2009; Satterlie et al. 2009 ).
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The Grand Challenges in Organismal Biology (GCOB) were proposed in order to focus dialogue among organismal biologists on emerging priorities for research that require our uniquely integrative approach. The premise of the GCOB is that organisms are the key to understanding both biological phenomena and implications beyond their biological boundaries. In 2009, with encouragement from the National Science Foundation, the Society for Integrative and Comparative Biology (SICB) took steps to identify compelling questions and to initiate discussions on whether these GCOB have resonance among SICB members and the greater community of researchers of organismal biology. Several initial papers were written to establish a framework for the GCOB (Heatwole 2009; Satterlie et al. 2009 ).
Five GCOB were identified: (1) understand the organism's role in organism-environment linkages; (2) utilize the functional diversity of organisms; (3) integrate living and physical systems; (4) understand how genomes produce organisms; and (5) understand how organisms walk the tightrope between stability and change (Schwenk et al. 2009 ). This initial paper on GCOB was then followed by concept papers that attempted to elicit further discussion on the GCOB, but in more focused arenas of research including eco-mechanics (Denny and Helmuth 2009) , endocrinology (Denver et al. 2009 ), systematics (Halanych and Goertzen 2009), and physiology (Mykles et al. 2010 ).
On January 6, 2010, a Workshop entitled ''Implementation of Grand Challenges in Organismal Biology'' was held in Seattle, Washington, during the annual meeting of the SICB, and was open to attendees at the SICB meeting. The objectives of the workshop were to initiate a dialog concerning the GCOB across all fields of organismal biology and to begin to dissect out tractable or finer-grained 'biological questions' from the Grand Challenges that will be relevant over the next decade. The workshop also queried the attendees and participants about which of the Grand Challenges resonated with different fields of specialization and with other complementary scientific societies that focus on different aspects of organismal biology. The workshop's participants included authors of the GCOB papers and distinguished members of executive boards from a range of professional societies convened to discuss grand challenges and the new directions in which organismal science should develop and progress. In this initial forum for society-wide discussion, participants of the workshop were asked to consider a broad range of issues, and to engage the audience in considering future research questions and technology needs. Drs Dianna Padilla (Schwenk et al. 2009 ), Ken Halanych (Halanych and Goertzen 2009) , and Stacia Sower (Denver et al. 2009 ) represented the authors of the GCOB papers. They were accompanied by Drs Bruce Alberts (American Society for Cell Biology, Past-President), Hannah Carey (American Physiological Society, past-President), James Ha (American Behavior Society, past-Treasurer), David Raible (Society for Developmental Biology, Northwest Representative), and James Whittaker (Sigma Xi, President-Elect) ( Table 1 ). The consensus was that most of the great biological discoveries of the past are best viewed in the context of the functional organism.
With this in mind, the GCOB Workshop set in motion continuing discussions of the questions that will drive organismal biology over the next 5-10 years. Identifying these questions is the real intellectual challenge. In order to address GCOB, we must integrate multiple disciplines to better comprehend complex subjects such as biodiversity, climatic change, environmental catastrophes, and computational biology. For example, we know that genes produce molecules, proteins compose cells, and cells form tissues. However, we are still trying to understand how genes, molecules, cells, and tissue layers respond to environmental stressors (e.g., elevated temperatures, starvation, and pollutants), and how these ultimately affect the performance and fitness of an organism. We may study how a cell's ability to maintain 3D patterns is affected by stress, and in turn how cellular responses are linked to a variety of organismal-level performance metrics and ultimately to fitness. In a complementary study, the amount of phenotypic plasticity (the capacity of a genotype to produce different phenotypes in response to different environments) within a given population or species may predict which populations or species might survive an environmental stressor, such as climatic change (Mykles et al. 2010 ). The plasticity of certain key traits may play a role in the fitness of individuals and ultimately in the sustainability of a population. In all cases, our focus must eventually return to the level of the organism.
Two major needs for implementation were identified through the discussion: (1) Interdisciplinary research cooperatives that move beyond standard model organisms and technologies, and that have the ability to collect, integrate and analyze new data and new types of data; and (2) education at all levels (high school, undergraduate, graduate, post-doctoral, and tenure-track faculty), with the inclusion of the general public, legislators and granting agencies on the importance of Organismal Biology.
First, it was recommended to establish ''Interdisciplinary (Integrative) Research Cooperatives'' as a means of increasing activity between larger and smaller research laboratories. Expanding research beyond the few ''Model Organisms'' and expanding the organismic base for research was widely supported, especially the need to sequence the genomes of a wider number and type of species. Developing tools for expanding studies to more organisms beyond 'Model Organisms' will require that we, as a reviewing community, adjust our personal views on the worthiness of grant applications and publications that use primarily an inductive approach, thus recognizing that some ''discovery-based'' science, in addition to more reductive approaches, will be required to make overall progress in understanding organisms. This should include more risky research endeavors, as well as basic exploratory research that is not hypothesis driven.
Recommendations on funding needs abounded throughout the workshop's presentations. Discussion included the need for the development of a single, accessible database for all species (or at least the animals), with the recognition that any such database will require human and financial resources for long-term maintenance and to insure general access. In addition, recommendations were made regarding the need to develop the technology required for interrogating the vast amount of data currently collected through genomics studies in order to link genomics to whole organisms.
Second, a significant proportion of time was devoted to changing the mechanism of training scientists to communicate their science to each other, to our undergraduate students, graduate students, post-doctoral fellows, and K-14 teachers, as well as to the general public. The discussion focused on how to foster the sharing of information with the broadest range of persons, through training post-doctoral fellows, junior faculty and continuing professional development. The training or retraining of graduate students, post-doctral fellows, and junior faculty was a theme that ran through many discussions. Many suggested that training this constituency become a standard component of the ''Broader Impacts'' of grant proposals, as well as funded support. In particular, the training of graduate students in communicating their science to each other, as well as their students, must be a priority. It was strongly suggested that mentoring of junior faculty include discussions of integrative biology. In addition, these initiatives might include supporting activities for these same constituents at field stations, where scientists from across disciplines are brought together because of a common facility.
Several of the attendees voiced the opinion that in order to better prepare students for our research laboratories, a different approach to memorizing the vast array of biological information must be pursued. This would include moving away from ''content'' to ''context,'' or ''competence'' that promotes cognitive skills over memorization. Some participants suggested that this could be enhanced by participation in field work or experiences at field stations. Changing the pedagogical approach requires significant developmental time. Children are fascinated by organisms, but some time before they graduate from high school, that interest is often lost in complex content and because of a lack of training on how to interpret this information.
As discussion progressed, it became clear that there was a need to develop a unified voice that could articulate both the relevant scientific questions and the technical and training needs of organismal biologists. In addition, a mechanism for developing an umbrella coalition was needed to maintain the discussion throughout the year. In developing this common voice, the theme of how significant advances in biology are viewed in the context of the functional organism must remain a centerpiece. An important ancillary outcome of this voice would be the dismantling of the language barrier between research arenas, and thus increasing communication amongst various groups of scientific specialties. This expanded discussion will eventually also include dissemination of information to students, the public and legislative bodies.
To put the questions generated from the Grand Challenges into contextual frameworks, discussions must relate this basic science to its potential to assist humanity, which can be health-related, related to industry, the environment, or addressing social needs or interests, such as aesthetics or fascinations with charismatic mega-fauna or mega-flora. This effort will require transforming our science into information and tools that other constituencies can process and use (Cooke and O'Connor 2010) . Those who teach know that it is often difficult to translate research in a way that is of interest to non-majors in biology courses unless we can make it relevant to their daily lives. Thus, it is also important that we develop the ability to articulate the importance of organismal biology to human and societal needs so that we can educate and excite the public and legislative bodies.
The GCOB emphasize the critical need to relate basic biological discoveries and research back to the functional organism. They challenge us to investigate organisms at the crossroads of divergent disciplines in order to understand how organisms walk the tight rope between stability and change and how we can translate our findings into information relevant to policymaking and public health.
